Consumption of red palm oil for its provitamin A activity could extend to nonproducing areas of Africa. To assess the impact of red palm oil introduction, vitamin A status was measured in a random sample of motherchild pairs in the pilot areas. This paper describes the marketing approach, the evaluation design, and results after one year. Red palm oil purchased in southern Burkina Faso is retailed in the north-central pilot area by women's groups. At onset, serum retinol was low in 66% of children and 43% of mothers. After one year, 94% of mothers reported liking red palm oil, 71% had purchased it, and 32% had consumed some in the last week. The rates of risk of inadequate vitamin A intake declined by one-third. Prior to scaling-up, the main challenges ahead are positioning red palm oil as a food supplement rather than a cooking oil, and determining whether the increased demand can be met by local production without undue pressure on prices.
Introduction
Vitamin A deficiency is a major nutritional problem in most of Sahelian Africa [1, 2] , owing primarily to the scarcity of vitamin A-containing foods at least for part of the year. Furthermore, the bioavailability of provitamin A carotenoids from available food sources may be limited. In Niger, for instance, we found that dark-green leafy vegetables provided up to 86% of the dietary vitamin A of preschool-age children [3] . According to recent findings, green-leaf carotenoids are much less bioavailable than previously assumed, and their conversion ratio to retinol may be as low as 26:1 [4] , depending in part on the method of preparation. The ratios are higher in other fruits and vegetables (approximately 12:1), although still lower than the conventional 6:1 for β-carotene irrespective of the source. Although supplementation with high-dosage vitamin A capsules is an effective control measure in the short term, food-based approaches are needed for long-term prevention of vitamin A deficiency [5] . Red palm oil is produced in parts of Africa. It is the richest plant source of vitamin A activity, and the carotenoids of red palm oil are of high bioavailability, with a reported bioconversion ratio of 6:1 [4] . Many trials have shown the efficacy of red palm oil as a vitamin A source.
In India, for instance, red palm oil incorporated in a sweet improved the vitamin A status of schoolchildren, and a daily intake of 8 g proved as effective as a single high-dosage capsule, after three months [6, 7] . Red palm oil-fortified cassava flour was also shown to improve the vitamin A status of preschoolers in Tanzania [8] , and red palm oil-fortified biscuits were successfully introduced among schoolchildren in South Africa [9] . Red palm oil has been reported to be effective in sustaining or improving the vitamin A status of pregnant women in Tanzania [10] and of lactating women in Honduras [11] . Red palm oil is usually consumed only in zones of production, but it can be introduced effectively in other areas as well, as the above studies suggest.
In India, Narasinga Rao [12] showed that a cooking oil blend containing 6% to 12% red palm oil was well accepted by women. However, acceptability goes beyond taste trials, and as underlined in a recent review [13] , there are still information gaps on the feasibility of dietary approaches to improve vitamin A nutrition. Furthermore, red palm oil will be effective only if it is demonstrated that the population to which it is introduced is willing to purchase and use it on a regular basis. This was the thrust of a pilot project in Burkina Faso, where red palm oil is produced and consumed only in the southern part of the country. This provided a unique opportunity to The objectives of a 30-month pilot project were to assess the feasibility of introducing red palm oil in nonconsuming areas, and its effectiveness. Feasibility refers to the acceptability of red palm oil as a food supplement for women and preschool-age children, in terms of taste and price, and supplying it from the red palm oil production area of Burkina Faso. To assess effectiveness, the impact of red palm oil introduction on vitamin A status was measured in a random sample of mother-child pairs in the pilot areas. This paper describes the marketing approach, evaluation design, and results after one year.
Methods
Project activities pertain to the promotion of red palm oil in the selected area of Burkina Faso, collection of red palm oil in the production zone of the country and its commercial distribution in the pilot area, and monitoring and evaluation.
Promotion of red palm oil in the pilot area
The pilot area consisted of 10 villages and one city district in the Kaya region of Sanmatenga Province, east-central Burkina Faso. The primary target population was around 10,000 women of childbearing age and children under five years of age. In addition to size, the criteria for selecting the pilot area included evidence of a vitamin A deficiency problem, but no structural food shortage, because in such a case food security would have to be the priority issue; home economists already active in the zone to take on project activities; and accessibility of the area in all seasons to allow for project supervision and monitoring. The pilot zone corresponded to a health district, which facilitated collaboration with the health sector, even though the project was housed in the agriculture service.
Social marketing [14] was the main approach for promoting red palm oil, using both the media and person-to-person communication. The formative phase included focus groups with home economists from the area and with village women in order to identify predisposing, enabling, and facilitating factors to adopting red palm oil, according to the PRECEDE (predisposing, reinforcing, and enabling constructs in educational/ environmental diagnosis and evaluation) model of educational diagnosis [15] . A baseline study was carried out in a population subsample, and the findings on vitamin A-related knowledge, attitudes, and practices (KAP) were incorporated into the social-marketing plan. Eleven home economists (animatrices) and a few other extension workers already involved in the pilot area were given a one-week training workshop on social-marketing techniques as applied to the project prior to the initiation of red palm oil promotional activities. Educational messages were developed and tested with women of the pilot area before being disseminated. An additional three days of training was given after six months of field activities.
Red palm oil was promoted as an individual food supplement for vitamin A rather than as a cooking or seasoning oil. The rationale for this market positioning is that red palm oil should not compete with, nor be a substitute for, groundnut oil and shea butter, which are traditional and commonly used fats in the pilot area but that are devoid of vitamin A activity. Red palm oil is more expensive than these other sources of fat, but since only small amounts are required owing to its high concentration of provitamin A, it should not be regarded as expensive. Furthermore, we wished to avoid red palm oil being "burned" when used in cooking, which destroys most of the vitamin A activity [16] .
Following the official red palm oil launch day with formal speeches, free sample distribution, and media coverage, several promotional activities have been ongoing since August 1999. These include group talks using posters and flip-charts, food demonstrations and tasting of family and complementary foods with red palm oil added just before eating, radio spots, short sketches and a show program, intervillage contests, and soon to come, theatre plays using older schoolchildren. Examples of radio spots that were aired in the pilot area many times a day for a period of four months are "Palm oil from Burkina, red for vitamin A" and "It is simple, one spoonful of red palm oil for your baby, two for you." Home economists periodically combined their promotional activities with those of health workers, including growth-monitoring at the village level. They recently took part in the national immunization days, disseminating their red palm oil messages along with the distribution of vitamin A capsules and polio vaccinations in pilot project sites.
The key messages are that red palm oil is red because it contains vitamin A, like the capsules; it is always there for use by women and all young children; it comes from Burkina Faso; and its price is reasonable, as only small amounts are needed.
Collection and commercial retailing of red palm oil
The feasibility study suggested that local red palm oil production could meet the new demand created by the project, and during this first project phase, there was no special effort to increase red palm oil production or to support and strengthen women's groups involved in this activity. Red palm oil was collected by the project in two villages in the southwestern part of the country, where the oil is traditionally produced by women. It was purchased at a fixed price from women who use a process compatible with good quality red palm oil. It has not been possible, contrary to initial plans, to subcontract to a single women's group for collection and transportation of the oil to the city of Kaya, the central point of the pilot area.
The oil is stored in Kaya and dispatched to women who sell it in the pilot zones. Retailers and members of village committees were created to manage and supervise sales after being trained in red palm oil handling, hygiene, and sales management. Village committee members were selected by the community and included both men and women. Committees are responsible for paying back the cost of oil purchased on credit from the project and for returning to retailers their profit margin (about 8%). The oil is retailed in quantities varying from 15 ml to 1 L in nontransparent glass or plastic containers for better retention of vitamin A activity. The most common quantity is the 125-cc plastic bottle. The price is US$0.013 per day (for 10 ml, the average advocated supplement), although there are small economies of scale. Currently the retail price is subsidized, as it only partly covers the transportation and marketing costs.
A sampling and analysis protocol was developed to assess and control the quality of the traditional red palm oil retailed in the project. Samples were collected at production sites and after storage for up to two months or at retail sites. The oil appears to be of good quality, according to physical, chemical, and bacteriological tests, for at least two months after production. The moisture content is low (0.4%), the foreign material content is also very low, and the acidity and peroxide indices are well below the respective quality cutoff points of 7% and 5%, as used in other red palm oil-consuming areas [17] . Aflatoxin was not detected, and total bacteria and coliform counts were low, although some human contamination may occur at the retail level, as coliforms were detected in one site after four weeks of handling the oil. This underlines the importance of regular monitoring of hygiene conditions. Samples that have been stored or offered at retail for various lengths of time are being analyzed for vitamin A activity by high-performance liquid chromatography (HPLC) in a laboratory of the Faculty of Sciences of the University of Burkina Faso. This HPLC unit is being strengthened by the project, with the aim of providing a self-sustaining laboratory service for vitamin A analyses of foods and biological samples to projects and programs at the subregional level. According to preliminary analyses of only a few red palm oil samples after three months of storage, the vitamin A activity was approximately 100 µg RE/g, which appears slightly lower than published data [18] . Further analyses will clarify baseline levels and vari-ance, as well as retention rate according to storage time and conditions.
Evaluation design
To evaluate the impact of the project, the baseline study was repeated after 12 and 24 months with the same sample of mother-child pairs. Seasonality effects were controlled by conducting all three surveys at the same time of year. The principal assessment variables are knowledge, attitudes, and practices (KAP) of mothers, intake of vitamin A-containing foods by mothers and children, and their serum retinol concentrations. The sample of 210 mother-child pairs was randomly selected from the target population in the only urban district of the pilot area and in 6 out of the 10 villages with a population of 1,000 or more. The sample size was determined based on vitamin A intake estimates, since this variable calls for a larger sample than serum retinol to demonstrate a significant change, owing to a higher variance. Mean vitamin A intake was estimated at 300 µg RE/day with a 50% variation, based on prior studies among preschoolers in Niger [19] . For an α error of 0.05 and a statistical power of 0.90, the required sample size for a mean dietary increment of 100 µg RE to be significant was 200 subjects. The sample was increased to 210 to give a margin of safety. In each of the seven sampling sites, 30 motherchild pairs were randomly selected among households having a child in the 12-to 36 month-range at the onset of the study, based on household census and personal verification. Mothers gave their informed consent prior to joining the study.
The baseline and two subsequent surveys included the same variables, except that only two serum samples were collected from mothers and children for vitamin A status assessment: one at baseline and one 24 months later. Maternal interviews were conducted by one of the researchers assisted by trained women enumerators. The KAP component of the study focused on mothers' knowledge of night-blindness, its causes, treatment, and prevention, and their knowledge, like or dislike, and use of red palm oil. They were also questioned on whether they or their children had taken vitamin A capsules. The vitamin A food-frequency questionnaire was administered to mothers, who were asked to recall their consumption and that of the target child.
A list of locally consumed vitamin A sources, with average serving sizes for children and mothers expressed in local measures, was constructed in the course of preliminary work for the study in three intervention sites. Sets of cups, bowls, and spoons were used to assist maternal recall. For vegetable sources of vitamin A, the recall went back for one week, whereas in the case of animal foods, the mothers were asked about the frequency and size of servings over the previous month, since such foods are infrequently eaten.
This approach was deemed desirable in our study on the validation of the food-frequency questionnaire in Niger, which showed that consumption of animal food was incompletely captured in the weekly recall [19] .
Blood specimens were collected in vacutainer tubes, allowed to clot, and centrifuged. The supernatant sera were kept in ice until they were transferred within 24 hours to a freezer and kept at -18°C until analysis. Serum retinol was measured by HPLC according to standard procedures at the laboratory of the Faculty of Sciences, University of Ouagadougou.
A cross-sectional study among lactating women is also being conducted in order to assess the rate of red palm oil adoption after 18 months in this target group, and to examine the relationship of red palm oil intake to maternal serum and milk retinol and carotenoids. The study involves approximately 100 mothers breastfeeding children aged one to nine months.
Project outputs and results after one year

Mothers' knowledge, attitudes, and practices
More than 2,000 persons took part in talks, food demonstrations, and tasting of red palm oil over the first 12 months of project activities. The one-hour radio show on the project, which was taped in one of the intervention villages, was replayed four times over a two-month period in the pilot area. Over a four-month period, two radio spots and one sketch on red palm oil were aired several times a day. Not only women, but also men, were reached by media and community-level social-marketing activities. Maternal awareness of red palm oil and project activities, as well as vitamin A-related knowledge, improved after one year of project operation. As seen in figure 1, all respondent mothers knew red palm oil by then, compared with 75% at the onset of the project one year earlier. The taste is well liked, with acceptance reaching 95%. All women knew about night-blindness by the end of one year, and it is noteworthy that only 2 cases were reported, compared with 35 the previous year. A low 27% identified a faulty diet as a cause of night-blindness, but only 13% had done so in the first survey. Sabga, an undefined illness condition, remains the most frequent cause given, with more than 40% of respondents stating it in both surveys. In spite of educational endeavors, 21% still could not mention any correct means of prevention of night-blindness, although this percentage was down from 74% one year before.
As table 1 shows, 63% of respondent mothers were aware of red palm oil promotional activities. Talks or food demonstrations were mentioned more often than radio spots or programs, which suggests that women may not be frequent radio listeners. Other indices of red palm oil awareness are that 96% knew who sold the oil in their community and that 90% reportedly talked about the oil around them. It is also seen that 72% reported purchasing red palm oil at least once since the first survey, and 32% of mothers and children had consumed some in the last week. The average portion size was 12.5 g for children and 26 g for women who reported using red palm oil during the last week. However, these figures may overestimate the impact, since women belonging to the survey sample knew ahead of time when they would be interviewed Gave RPO to child during last week Average portion size: 12. again. In the first 12 months, the total sales volume of red palm oil amounted to 1,210 L, which represents approximately 120 cc per targeted individual (mothers and under-five children), that is, roughly 7% of the target of 5 cc per person per day. However, the project is only one year old, and the adoption rate is expected to keep growing. Reported constraints to purchases were the high price of red palm oil (69%) and problems of supply (17%), rather than dislike of the taste (14%). The project recommends that red palm oil be added to individual plates of children and mothers prior to eating, rather than to the common household bowl, or else used for cooking. As seen in table 1, 71% of mothers added red palm oil to the children's common bowl, but only a small proportion (11%) added it to their own individual plates. It seems that adding it to the common household bowl is the most common practice.
Vitamin A intake and status of mothers and children
The mean and median vitamin A intakes of mothers and children at baseline and 12 months later are given in table 2. Nearly all vitamin A is in the provitamin form and even more so for mothers, who eat less liver than their children. Mother's total vitamin A intake doubled between baseline and the second survey, and it more than trebled in children. By then red palm oil provided 36% and 46% of total vitamin A for children and mothers, respectively, in survey 2. Liver and egg consumption also increased between the two surveys. At baseline, 83% of the mothers and 88% of the children were at high risk of inadequate vitamin A intake;* the respective rates were 38% and 49% one year later. These figures are based on vitamin A intakes computed by using the conventional conversion factors of 6:1 in the case of β-carotene and 12:1 for other carotenoids. Based on several studies, de Pee et al. [4] proposed differential conversion factors, with 26:1 for poorly utilized green-leaf carotenoids, 12:1 for other vegetables and fruits, and 6:1 for red palm oil. When these figures are used, a different picture emerges, with still lower vitamin A intakes at baseline and a more dramatic improvement with consumption of red palm oil. As seen in figure 2 , the mean maternal vitamin A intake went from 133 µg RE at baseline to 568 RE one year later, whereas in children it was only 64 RE at baseline and reached 347 µg RE one year later. With these conversion factors, nearly all mothers (98%) and children (99%) were at a high risk for inadequate vitamin A intake at baseline, compared with 62% of children and 63% of mothers one year later. The change was due primarily to consumption of red palm oil, which increased mean vitamin A intakes fivefold. However, skewing is high owing to red palm oil, and indeed, in survey 2 the median vitamin A intakes were roughly half the mean intakes.
Vitamin A intake data are best interpreted together with vitamin A status data. Preliminary results of baseline serum retinol concentrations are available, but additional data will come only after the final survey, since blood samples were not collected at midterm. * Less than 62.5% of the safe level of intake, which is roughly the mean requirement, since the safe level of intake is set The mean serum retinol levels at baseline were 0.75 ± 0.55 µmol/dl in children and 0.90 ± 0.49 µmol/dl in mothers (partial results only). Two-thirds of children and 43% of mothers had low serum retinol concentrations (<0.7 µmol/dl). Although the findings are only preliminary, they confirm that the vitamin A problem is serious in the area. It should be noted that the blood samples were collected seven months after vitamin A capsule distribution coupled with the national polio immunization campaign, with a coverage rate above 90% among under-five children. This is further evidence of the dire need for a mix of food-based approaches for the sustainable prevention of vitamin A malnutrition in Sahelian zones such as that covered in the pilot project.
Conclusions and challenges ahead
The progress of the pilot project after one year of operation looks promising as regards the feasibility and impact of red palm oil introduction in nonconsuming areas of Burkina Faso. Red palm oil was deemed particularly useful because of the high bioavailability of its provitamin A carotenoids and because it is produced in Burkina Faso. There still are challenges to meet and questions to answer. For instance, the project has not been totally successful in positioning red palm oil as an individual food supplement for mothers and children, rather than as seasoning oil for the whole family. The attempt will be pursued, since it is felt that if red palm oil is perceived as an alternative for other fats and oils, it will tend to be used as a substitute only when the price is lower, which is unlikely once its selling price is no longer subsidized. Using red palm oil for the whole family increases its cost owing to the amount required, and it dilutes the benefits because some family members may not need a vitamin A supplement.
The KAP study conducted 12 months after baseline showed some improvement in relevant knowledge of the mothers, but it also emphasized the need for continued educational efforts. For instance, only a small proportion of mothers were able to state that certain foods, or even a better diet, could protect from night-blindness. Promotion of red palm oil using social-marketing strategies has raised awareness of the product, and close to one-third of sampled mothers had consumed the oil and given some to the target child during the previous week. This rate has to keep rising to reach the minimum objective of 50% regular consumption of red palm oil, at least weekly, among women and under-five year old children in another year. Other dietary means of improving vitamin A intake should also be defined with women themselves and implemented, as initially planned; red palm oil cannot be the sole solution. The ongoing studies on red palm oil quality according to storage time may indicate a limited shelf life after production for optimal taste and vitamin A activity. Efforts at combining red palm oil promotion by home economists with health-sector activities have been fruitful, in particular, combining village-level communication about the oil with distribution of vitamin A capsules during the polio vaccination campaigns. Further integration with routine health-care activities such as child growthmonitoring and promotion needs to be pursued.
Scaling-up is already foreseen in a second project phase, since this is all too often the stumbling block of dietary diversification strategies for micronutrients. Introduction of red palm oil into school lunch programs, expansion of marketing and distribution of the oil to the whole Sahelian area of the country with routine selling in local markets by formal retailers, and technical and marketing support for groups of women who process the oil are among the planned strategies for expansion. The extent of scaling-up will depend upon the final results of the pilot phase, as well as upon the conclusions of an upcoming study on red palm oil production and markets. A key issue is whether the production potential is adequate to meet the increased demand for the oil without undue price changes.
